Abstract The purpose of this investigation was to characterize the management and prognosis of severe Pneumocystis jirovecii pneumonia (PJP) in human immunodeficiency virus (HIV)-negative patients. An observational cohort study of HIV-negative adults with PJP documented by bronchoalveolar lavage (BAL) through Gomori-Grocott staining or immunofluorescence, admitted to one intensive care unit (ICU) for acute respiratory failure, was undertaken. From 1990 to 2010, 70 patients (24 females, 46 males) were included, with a mean age of 58.6±18.3 years. The mean Simplified Acute Physiology Score (SAPS)-II was 36.9±20.4. Underlying conditions included hematologic malignancies (n021), vasculitis (n013), and solid tumors (n013). Most patients were receiving systemic corticosteroids (n063) and cytotoxic drugs (n051). Not a single patient received trimethoprim-sulfamethoxazole as PJP prophylaxis. Endotracheal intubation (ETI) was required in 42 patients (60.0 %), including 38 with acute respiratory distress syndrome (ARDS). In-ICU mortality was 52.9 % overall, reaching 80.9 % and 86.8 %, respectively, for patients who required ETI and for patients with ARDS. In the univariate analysis, in-ICU mortality was associated with SAPS-II (p00.0131), ARDS (p<0.0001), shock (p<0.0001), and herpes simplex virus (HSV) or cytomegalovirus (CMV) on BAL (p00.0031). In the multivariate analysis, only ARDS was associated with in-ICU mortality (odds ratio ], p<0.0001). PJP in non-HIV patients remains a serious disease with high in-hospital mortality. Pulmonary co-infection with HSVor CMV may contribute to fatal outcome.
Introduction
Since the 1980s, most cases of Pneumocystis jirovecii pneumonia (PJP) have been documented in human immunodeficiency virus (HIV)-infected patients. In early series of acquired immunodeficiency syndrome (AIDS)-related PJP, the inhospital mortality of patients who required mechanical ventilation during the course of PJP was 87 % [1] . With the advent of improved diagnostic methods for P. jirovecii detection, the introduction of adjunctive corticosteroids for the treatment of moderate to severe PJP [2] [3] [4] , and progresses in supportive care for acute respiratory failure (ARF) in the intensive care units (ICUs), only 7.3 % of HIV-infected patients with PJP require endotracheal intubation (ETI) nowadays, and the inhospital mortality rate of intubated patients decreased to 56.2 % [5, 6] .
Since the late 1990s, the advent of combined antiretroviral therapy has dramatically reduced the incidence of HIVassociated PJP [7] . In parallel, following the increased use of immunosuppressive therapy for neoplastic diseases, inflammatory diseases, or solid organ transplant, the proportion of PJP diagnosed in non-HIV-infected patients increased [8] [9] [10] . In one series of PJP in non-HIV-infected patients, ETI was necessary in 65.6 % of cases, with an in-hospital mortality rate of 59.1 % [5] . This study, and others [11] , suggested that PJP in non-HIV-infected patients may be more severe than PJP in HIV-infected patients, although limited data are available regarding the clinical course and prognosis factors of PJP in non-HIV-infected patients. Several investigators have suggested that advances in the management of HIV-associated PJP may be applied to PJP care in non-HIV-infected patients, including the use of adjunctive corticosteroids [12] [13] [14] . We aimed to determine the outcome of PJP in non-HIV-infected patients and the risk factors for death in this population.
Materials and methods
We performed a retrospective analysis of patients with microbiologically confirmed PJP who were admitted to our medical ICU for ARF. From January 1990 to June 2010, all cases of PJP documented by direct examination (Gomori-Grocott staining and/or immunofluorescence) on bronchoalveolar lavage (BAL), in patients who tested negative for HIV, were included. PJP documented only by P. jirovecii polymerase chain reaction (PCR) were not included, due to the substantial risk of false-positivity associated with this test [15] . We also excluded patients admitted to the ICU without ARF. Patients were identified through our department's computerized database and through the mycology laboratory database. Data extracted included the following: demographics, Simplified Acute Physiology Score (SAPS)-II, ICU length of stay, outcome, delay between BAL and administration of the first agent active on P. jirovecii, co-infections, underlying immunosuppression, corticosteroid use before PJP diagnosis, PJP prophylaxis, antimicrobial agents, and corticosteroids use after PJP diagnosis. Viral tests are routinely performed in BAL fluid from immunocompromised patients in our institution. Over the study period , viral tests could include: (1) immunofluorescence (IF) with a panel of monoclonal antibodies against respiratory syncytial virus (RSV), A-B influenza viruses, 1-3 parainfluenza viruses, adenovirus, and herpes simplex viruses (HSV)-1 and -2; (2) inoculation onto MRC-5 and LLC-MK2 monolayer cells; (3) immunocytochemistry (ICC) directed against cytomegalovirus (CMV); (4) detection of HSV-1, HSV-2, CMV, varicella-zoster virus (VZV), Epstein-Barr virus (EBV), and human herpes virus (HHV)-6 genomes using a commercial method (Herpes Consensus®, Argène, France) or in-house PCR. Acute respiratory distress syndrome (ARDS) was defined as ARF with bilateral pulmonary infiltrates and PaO 2 :FiO 2 ratio <200 mmHg (26.7 kPa), unrelated to left ventricular failure. Statistical analysis was done with SAS 9.2 (SAS Institute, Cary, NC, USA). Continuous variables were presented as mean ± standard deviation or median [interquartile range]. Categorical variables were expressed as percentages. Continuous variables were compared between groups using nonparametric Mann-Whitney U-tests, and categorical variables were compared using the Chi-square test or Fisher's exact test. The variables included in the multivariate analysis were those with p<0.1 in the univariate analysis. A pvalue <0.05 was considered to be statistically significant.
Results

Demographic features
Between January 1990 and June 2010, 116 patients with PJP were admitted to our ICU. Of those, 39 HIV-infected patients were excluded, three patients were excluded because PJP was documented only by PCR, and four patients were excluded because they were not admitted to the ICU because of ARF (i.e., status epilepticus, n02; post-surgical care of solid organ transplant, n02). The final cohort consisted of 70 non-HIV-infected patients with documented PJP admitted to the ICU because of ARF. Baseline characteristics are detailed in Table 1 .
Underlying immunosuppression and pneumocystosis prophylaxis
All patients with PJP were immunocompromised, and most of them (90.0 %) were receiving corticosteroids when PJP was diagnosed, with a mean daily prednisone-equivalent dose of 46.8 mg ± 138.1 on admission, associated in 72.9 % of cases with other immunosuppressive agents, including cyclophosphamide (n019), calcineurin inhibitor (n09), the combination of cyclophosphamide, adriamycine, and vincristine (n07), and methotrexate (n06). Fourteen patients were receiving only corticosteroids, with a mean daily prednisone-equivalent dose of 30.8 mg±26.6 on admission, as a prolonged treatment (>3 weeks) of various diseases: interstitial lung disease, n02; sarcoidosis, glomerulonephritis, polyarteritis nodosa, giant-cell arteritis, polymyalgia rheumatica, polyneuritis, acute alcoholic hepatitis, polymyositis, meningioma, post-radiation myelitis, pharyngeal carcinoma, and acute cophosis-one patient each. Only two patients were on PJP prophylaxis before PJP diagnosis, both with monthly aerosolized pentamidine. Of note, no patient developed PJP while on trimethoprim-sulfamethoxazole prophylaxis.
Pneumocystosis management in the ICU BAL was performed in the ICU for most patients (n045), with a mean delay of 0.4±5.1 days between ICU admission and BAL. PJP treatment was initiated before BAL or on the same day in most patients (n054). Only two patients were treated without trimethoprim-sulfamethoxazole, because of previously documented severe allergy: they both received intravenous and aerosolized pentamidine. In 11 patients (15.7 %), trimethoprim-sulfamethoxazole had to be discontinued before the planned duration of treatment because of allergy and/or cytopenia. Patients were then switched to pentamidine (n09) or atovaquone (n02). Data on corticosteroids use after PJP diagnosis were available for 51 patients. Of these, 43 (84.3 %) received corticosteroids: methylprednisolone (n039) or hemisuccinate hydrocortisone (n04). ETI was required because of ARF in 42 patients (60.0 %). The mean delay between ICU admission and ETI was 2.4±6.1 days, and the mean duration of mechanical ventilation was 13.1±11.4 days. PaO 2 :FiO 2 was <200 in 38 patients (54.3 %). Non-invasive positive pressure ventilation was used in four patients (5.7 %). Extracorporeal membrane oxygenation (ECMO) was used for one patient with uncontrollable ARDS, who eventually died.
Outcome
Overall, 37 patients (52.9 %) died in the ICU. The mortality rate was 80.9 % among the 42 patients who required ETI and 86.8 % among the 38 patients who fulfilled criteria for ARDS. Twenty patients (29.8 %) required hemodialysis and 37 patients (55.2 %) received hemodynamic support with norepinephrine or epinephrine. Twenty patients (28.6 %) developed ventilator-associated pneumonia, of which ten were related to Pseudomonas aeruginosa. Other pathogens isolated in BAL are detailed in Table 2 . The 15 patients (21.4 %) in whom HSV-1 and/or CMV were identified on BAL were treated with ganciclovir (n08) or acyclovir (n0 7). In the univariate analysis (Table 3) , factors associated This high mortality rate must be kept in mind when considering PJP prophylaxis in patients with non-HIVrelated severe immunosuppression: failure to protect 'atrisk' patients will carry a significant amount of fatalities. This is especially relevant given that daily or thrice-weekly trimethoprim-sulfamethoxazole has an efficacy rate approaching 100 % in the prevention of PJP [19] . Indeed, in our series as in others, no case of PJP was documented in patients receiving this prophylactic regimen. The American Thoracic Society (ATS) recommends PJP prophylaxis in ARDS acute respiratory distress syndrome patients with hematologic and solid malignancies receiving cytotoxic chemotherapies, organ transplantation, and those treated with immune-suppressive regimens for inflammatory conditions. In addition, the ATS advises to consider prophylaxis during time periods where prednisone dose exceeds 20 mg/day for longer than 1 month, especially if the patient has associated T cell defects or is receiving other cytotoxic drugs or anti-TNF agents. Some experts also recommend monitoring CD4 cell counts in immunocompromised, non-HIV patients, using the threshold of 200 CD4 cells/mm 3 for determining the need for PJP prophylaxis [13] . Most patients diagnosed with PJP have a defect in T cell immunity, whether from a disease (HIV infection, hematologic malignancy) or from immunosuppressive therapy, especially with corticosteroids [5, 11, 16] . In this regard, our study is similar to a previous study of PJP in non-HIVinfected patients, where: (1) underlying hematologic malignancies account for the majority of predisposing diseases; (2) corticosteroid use is a very common risk factor, found in 90 % of cases in our study (63/70), as also in cohorts not restricted to ICU patients (e.g., 204 of the 264 non-HIVinfected patients diagnosed with PJP at the Memorial SloanKettering Cancer Center during the years 1963-1992 [16] ).
The analysis of the risk factors for mortality in cohorts of non-HIV-infected patients with PJP has mostly identified the usual markers associated with death in ICU patients with respiratory diseases: mechanical ventilation [18] , severity scores [20] , ARDS, and shock (current study). However, the identification of these 'obvious' prognosis markers is of limited consequences, as these are mostly non-modifiable factors already present by the time patients are admitted to the ICU. Of more interest is the identification of prognosis markers that are modifiable. Of these, Festic et al. identified 'intubation delay' [20] , with a mean time from ICU admission to intubation of 4 h in patients who survived, as compared to 48 h in patients who died (p00.03). This finding lead the authors to recommend early intubation and institution of mechanical ventilation on admission to the ICU for patients with ARF due to non-HIV-related PJP [20] . In the study presented herein, the identification of HSV or CMV on BAL was associated with in-ICU mortality on univariate analysis (p00.0031). This association may be causal, as herpes viruses are able to induce specific lesions of the lower respiratory tract, hence, worsening the lung damages caused by PJP [21, 22] . Unfortunately, due to the high risk of severe complications associated with lung biopsies in these patients (e.g., pneumothorax [20] ), no samples were available for histological studies. In addition, herpes viruses-related cytopathogenic effect was not investigated on BAL in our center during the study period. Hence, we cannot exclude that the association between the presence of herpes viruses on BAL and mortality may be due to confusion bias. Indeed, it is conceivable that herpes viruses replication in the respiratory tract would merely be a marker of severe immunosuppression and/or severe ARDS, without playing a significant role in the pathways of PJP and in the outcome. Sepkowitz stated, in a landmark review on PJP in non-HIV-infected patients published almost two decades ago, that "in patients who are responding slowly or not at all, early repeat bronchoscopy should be considered to exclude the presence of additional pathogens, particularly CMV" [16] . Although the association between CMV or HSV on BAL and mortality observed in our study is in accordance with Sepkowitz's statement, it does not constitute evidence that CMV or HSV directly contribute to patients' death, especially given that the presence of CMV or HSV in BAL was no longer predictive of death in the multivariate analysis. In addition, given the observational design of our study, its findings are limited by the heterogeneity of the methods used for the diagnosis of herpes virus infection over the study period (1990-2010) . This represents a potential classification bias.
In a monocentric cohort of non-HIV-infected patients with PJP, non-restricted to ICU patients (n078, including 58 documented), Arend et al. found that concomitant pulmonary infection, mostly bacterial pneumonia and CMV, was present in 35 % of the patients, and was associated with an increased risk of death, with a relative risk of 4.5 (95 % CI, 1.5-11.0, p0 0.01) [18] . In Festic et al.'s study, the presence of microorganisms on Gram stains or cultures was not associated with mortality (p00.16), but testing for viruses on respiratory specimens was not mentioned in this particular study [20] . Lastly, Kim et al. found no association between the identification of CMV on BAL and prognosis (morbidity and mortality) in a cohort of 106 non-HIV-infected patients with PJP not restricted to ICU patients, and concluded that it is not essential to administer an anti-CMV regimen when CMV is co-isolated from the BAL in patients with PJP [17] . However, only a randomized controlled trial would adequately address this question, but this is unlikely to occur, because of the low incidence of PJP in non-HIV-infected patients. Meanwhile, given the bad prognosis associated with herpes virus coinfection in non-HIV-infected patients with PJP and the availability of antiviral agents active against CMV or HSV, many experts would recommend treating these viruses if identified on BAL in immunocompromised patients with PJP.
The benefits of corticosteroids as adjunctive treatment for PJP have been clearly established in HIV-infected patients [12] [13] [14] through three randomized clinical trials of different designs, all reaching similar conclusions (e.g., a 50 % reduction in mortality rates in the largest study) [2] . In non-HIV-infected patients with severe PJP, the jury is still out: Pareja et al. found that doses >60 mg of equivalent prednisone per day were associated with a lower duration of mechanical ventilation and length of stay in the ICU [12] . However, there was no impact on mortality and in the need for ETI. More recently, Delclaux et al. found no significant benefit associated with adjunctive corticosteroids in terms of the need for mechanical ventilation and mortality [14] . Both studies were observational and of limited sample size (n031 and n030, respectively). Hence, there is currently neither evidence in favor of nor against adjuvant corticosteroid therapy in this setting. In our study, mortality was similar in patients with or without adjuvant corticosteroids, but we were limited by sample size and observational design. Again, only randomized controlled trials would appropriately address this issue, but this would require a large, multicentric, adequately powered clinical trial. The low incidence of PJP in non-HIVtreated patients and the heterogeneity of patients affected are some of the obstacles that these trials would have to face. Taking into account the low probability that such a trial will be undertaken in the near future, the ATS recently stated that "In patients without HIV with moderate to severe PJP, we suggest adding corticosteroids to the therapeutic regimens, using dosing regimens as advised for patients with AIDS," a recommendation graded B-II, i.e., with moderate evidence to support a recommendation for use [13] .
In conclusion, we found that the prognosis of HIVnegative immunocompromised patients with PJP admitted to the ICU because of ARF remains dismal, with an in-ICU mortality of 52.9 % overall, rising to 86.8 % in patients with ARDS. Co-infection with HSV or CMV was associated with an increased risk of death, although all co-infected patients in this study were treated with antiviral agents.
